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© Arbitrating multiprocessor accesses to shared resources. 



© In a multiprocessor computer system, an access 
request and an access grant register is provided for 
storing an access request and an access grant 
semaphore for each shared resource. The access 
request and grant semaphores having a number of 
access request and grant bits assigned to the pro - 
cessors. Additionally, circuits are provided for each 
access request register for setting/clearing individual 
access request bits, and simultaneous reading of all 
access request bits of the stored access request 
semaphore. Furthermore, coordinated request and 



grant masks that reflect the relative access priorities 
of the processors are provided for the processors to 
use in conjunction with the current settings of the 
access request and grant semaphores to determine 
whether a shared resource is granted to a lower 
priority processor and whether a shared resource is 
being requested by a higher priority processor. As a 
result, multiprocessor accesses to shared resources 
are arbitrated in a manner having a number of ad- 
vantages over the prior art. 
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BACKGROUND OF THE INVENTION lf 

1. Fi Id of the Invention: 

The present invention relates, to the field;, of : 5 
computer systems, in particular, mujtiprocessor, ^ 
computer systems. More specifically, the present, — 
invention relates to arbitrating multiprocessor ac- 
cesses to shared resources,. -which has;-, particular 
application to multiprocessor Communication". io 

2. Background: (: ,-. — ^ : \ t * .« :;, u - •; >v 

Today, many, computer ^ .systems vpqmprj.ser^ ; 
multiple processors. Typically, the proeessors^.f .75 
share a number of resources, .ipr Bx^mple; art-ar^a:) 
in memory for ipter -processor >opmmunication i; jror 
many of these multiprocessor .systems, the pro^ 
cessqrs access 0: the shared * resources through ?^a^ 
common high speed bus. Arbitration -function -> is ; 20 
provided to grant momentary .exclusive ownership s 
of the. bus to a. ; particular v processo!\ 0 For^thqse > 
multiprocessor systems having private cache^ 
memory in some .of ; .the v processQ^ 
management .function , i s .also provided . f or,- aeees - 25 
sing the shared resources., The^arfe^ 
herent date management functions are either pr^y^r 
vided in a centralized manner by the bus or in^a.; 
decentralized manner by the processors..,': js, s-u t *.-l 

Additionally,^ soma form, of semaphore is . em -r-;^ 30 
ployed to control access to : eaqh= of the ^shared... 
resources. A semaphore-is a mutual exclusion Ipck. 1 
A processor reads the semaphore and checks-. if o 
the semaphore equals a predetermined yalue,^fo^^ 
example, zer«o. r to determine if a, shared resource is. ^ 35 
currently ; free. If the ( shared resource iS' ; free v -the 
processor Jakes temporary ownership of the s^r^r: 
resource, and writes : another predetermined ; yal ; ue r ., 
back for the semaphore, for example, a non-zero^ 
value, to indicate such temporal ; taking of owr^r ; 40 
ship. If the shared resource is- not, free, the prp.n --; 
cesspr repeats the reading and checking until the i 
semaphore contains .the, predetermined, valuecin ^ 
dicating the shared resource, is^ free. At^the, end .pt - 
the access, the processor reset the semaphore to 45 
i ndicate^ ? the - shared . t esotirce*; ; is - free, again,* TEhfc T " , ; 
semaphore management protocol alscr includes: * 
mechanism or rule that the semaphore is resef oh ly 
by the last processor that took t te t mporal ownership 
of^ the, shared resource To ensure the read-v. so 
modifyr write^.m^rjipulatipn .of a semaphore by a 
processor is, uninterfer^ed^y ; other. processor trying 
to gain temporal ownership pf : .the -shared resource, v 
typicaljy the bus . proyidesj atomic bus cycles, by . . 
which the processor caa gain tern poraj. ownership . 55 
of the bus foTja number of uninterrupted contig - \. 
uous bus cycles. . . - : > « . . : 



Traditional semaphore -.management has at 
least four disadvantages: 

1) . rriost semaphore management tend to 
prioritize processor accesses on a, first come 
first serve basis, ; 

2) for those semaphore management ^that allow 
relative access priority settings, they generally 
do-not provide a simple way for the contending 
processors 1 to -determine their own 'access pri — 
ority level, or for the relative .access priority to 
be changedrdynamically, : " . .'»•-.;!* ■"*-" > - 

3) . they generally: do .not ^provide 1 a simple way 
for determining .. which: processor is the: current 
owner of 1 a*shared -resource-' . . ' ^, ^ v ..'-) 

4) . they:- r require. .all processors, to be abld>to 
perf Qrm « the read-modify write : operations and" 
the bus to support atomic <~bus cycles-, ifurtherr * 
more, the read - modify - write- operations^ are 
performed by the processors \tr like manner, 
thereby < excluding the. possibility of incorporating . 
heterogeneous i. processors in. the same^oorh 
putef system;, ,c ./r - r. v ; -:r : ^rk,: ;; 

As rwill : be disclosed, .the. :presentiiinvention : 
provides a method and apparatus for ^arbitrating 
multiprocessor accesses to 1 ; shared" resources that 
overcomes the disadvantages of the prionart.; 

SUMMARY OF THE INVENTION 1 : . r 

It is: therefore the object of; the present inven- 
tion ;to ^ptoyrde'a^ method and apparatus for ar- 
bitrating, multiprocessor ^accesses . to shared- re - 
sources - which . ^arrobe . applied to- multiprocessor 
communication..-^ u *" : ; ■ 

ftjs ranother object of the present invention that 
accesses to. shared- resources arer arbitrated based 
on rejatiye :aQcess ,'priohty which, can be* altered 
dynan^icaHy.c rr, ^ * -y 

& ft is.another object :of the present invention that 
a contending^ processor is able to determine its 
own ; access : priority, and" the current owner of a 
shared .resource, . . ;, s • 

It is^anpther object of the "present -invention that 
the high speed bus ; does - not shave to support 
atomic, bus cycles, and the processors do not have" 
to perform the read r modify. - write operations in 
like ^manner v pr , support the. read - modify - write 
operatipns^at all,, thereby enabling the incorporation 
of heterogeneous processors in the same computer 
system. _ , : r ... ^ *- 

Under the preferred embodiment of the present 
invention, these and other/objectives are achieved 
by providing... an accessvrequest register and an 
access grant register for storing an access request 
semaphore and an access grant semaphore for 
each of, the shared resources respectively on --a 
multiprocessor computer system. The access re- 
quest and grant registers are designed to be suffi - 
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ciently large enough to store access request and 
grant semaphores having an access request' * bit 
and an access grant bit assigned to e'actv of the 
processors. In their presently preferred form,'the : 
access request and. grant bits* are assigned to'the 5 
processors in ascending order starting with the 
least-, significant bit being assigned to the lowest 
priority processor: ... * / . 

Additionally, under the preferred embodiment 
of the present, invention, corresponding circuits that 10 
allows setting/clearing individual access* -request 
bits and simultaneous reading of all access request 
bits are provided for. accessing theY&ecess" ; request^ 
semaphores stored in the access request 'registers/ 

Furthermore, a request mask and 1 a r > grant m&sk 75 
for each of the shared -cesaurces; is prOvidecfrtalid- 
assigned^ to .each ofcthe processed; *Tfte i request 
and grant masks reflect ^he rel&ti ve^ access' pflorit 
ies of the processors. The-request and grant masks 
are used by thei processors :in 'conjunction "with the 20 
current settings of the! access •request 1 and grant 
semaphores^ ta. determine whether *the shared" re ^ 
source is granted to a lower priority processo? and 
whether the shared resource is being requested by 
a highenpriority processor. i~ "*■*<. ^ ' :v \ 25 

A processor- makes ! its request for "gaining- l! 
temporal exclusive ownership of a shared* resource 1 
by setting its assigned access request bit of the 
access request semapfho"re>The- 'requesting . jpjr^^U^ 
cessor then waits a predetermined amount of time. 30 
The minimum predetermined, amoiint of nirrie-is 
designed to be greater than the largest amount of n \- 
time required by the. slowest "processor to 1 recog 
nize the request and to: set ^its^ f assigne ; d:» access - 
grant bit of the access grant semaphore. 'is- *r.. r>rr. 35 

Upon waiting the predetermined amount " of 
time; the requesting processor then .repeatedly"-'"' *> 
check the access grant and request semaphores to' ^ 
ensure there are no lower access priority grant^nor^ * " 
higher access priority request active. Upon? making 40 
such determination, the requesting processor thetf 
sets its access grant bit 1 of the access grant ** 
semaphore and takes temporal exclusive ownership 
of the shared resource. After gaining temporal ex-i 
elusive, ownership, ithe owning processor ^performs ' 45 
its desired operations against the shared resource. ''^ 
Upon completion of these operations, the owning 
processor unsets its assigned access grant and 
request bits of the, access grant 1 -and request ^ 
semaphores.. . : • i ^ ■« »,:. - r so 

As a result, the processors of a multiprocessor 
computer .system may perform interprocessor 
communication via the; shared resource A con- 1 - 
tending processor may. determine its relative ac-* 
cess 1 priority and the current owner based f on the -55 
access request and grant. semaphores. The relative; : *» 
access priorities of the processors to a "shared - 
resource may .also be changed dynamically* by "-' 



imposing a new set of request and grant masks 
that reflect different" relative access priorities. The' 
need for the high speed bus and the processors to 
support atomic access cycles, ahd for the proces- 
sors to support read - modify - write operations in 
like mainner is 'eliminated 1 . ! As a result, heteroge - 
neous -'processors 'may be incorporated in the same 
multiprocessor computer system. ■ ■ ' 

BRIEF DESCRIPTION OF THE DRAWINGS " A 

\- . :r r . . * - t\ 77 77 ~ 

The objects, features, and advantages of the 
present invention will be apparent from the follow 
ing detailed description of the preferred embodi - 
ment of^^wvehtroh'with fdfetrences to the draw-' 
ingsWwrtich*" • tpti t vf *•■** ■ ; 

Figure 4 i frustrates thfe preferred" embodiment of 
a ^ulti^focessdP^brn'^ufer systerh \h£\ incbr - 
poraftee frife teachings of the present' invention. 
Frgur^-' ^^illustr&tes^ the? semaphores of the 
■> • pr6sefit invention used to" arbitrate prdtessor 
acfeSSs^s^ to a shared^ Vesdurce orW the ' Yn ui 
tiprbefes©^ cdrri^futer System illustrated in Fig-' 
uf£1V* 3r..-u\ t -/.'wrt _- v.t vrr ; : 

Fi^t»r© '8^iHuslrates"th^ ^cciess r^qu^sf masks of 
i the ^esenWnventiori' used :v to' arbitrate processor 
accef§s§s^tb - ^ shared 1 ' 1 resource "bh ^tfte* rrful - 
tiprbbdssVr dorriputer' system* illustr%t§cT in Fi'g- 
Uf^'l. ,c « J * ■ **** <' : -**"*'^ r ' *• r ' l ' :: ■ : ***■'■ 
Figure 4 illustrates^ the nacceiss^ grant • masks of 
the present invention used* to arbitrate processor 
ace&ss^s-to a shared resdurce on the mul- 
tiproeeSsor computer f sVstem illustrated in 'Fig- 

Figures 5a - l 5b illustrate two 'embodiments" of 
• ' thd - n €frrMt of • the present ' invention * ^ for 
setting/clfeanng indiv?dual trits and simultaneous 
r^ael'inQs -of iafP request bits -of the ' recjuest 
sem ! aphdries : -§tdred in an accefss request regis - 
tero'R the multiprocessor computer'gystem il- 
lustraY^d in Figure 1. € - ? : 6r " ; ' cr 

Figure 6 illustrates' the rnethbd of the present 
invention for'arbitratihg-proceissor ^cc^ses to a 
shared resource oh the multiprocessor computer 
systdrti illustrated in- Figure 1: ■" - { 

DETAILED DESGRIPTiON^ OF THE PREFERRED 
EMBODIMENT :r ~~ r7 ' 11 ' • . 

A 'method arid apparatus' for arbitrating pro- 1 
cessor '"accesses to shared resources orr a 'mul- 
tiprocessor- computer system" is ''disclosed, which' 
has particular 'application ta'muKiproTOSisbr^cdrh'- 
municati'oh; ^n -the followirig^ dds^riptiori for pur - 
poses of explanation,' sp^ifte ^numbers,' materials 
and configurations arel ,; set : 'forth in order to provide 
a thorough understanding-of the^present invention. 
However, it will be apparent to one skilled in the art 
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that the present invention may be practiced without i 
the . specific details. In other instances, well known : 
systems are shown in diagrammatical or, block 
diagram form in order, not to obscure the present 
invention unnecessarily. : 5 

Referring now . to Figure. 1, a block, diagram , 
illustrating, the preferred . embodiment of a r . 
multiprocessor computer system that incorporates, 
the teachings of, the present invention is ^shown. 
Shown are a plurality .of processors -12a - - : 12n^ 70 
Each of the processqrs.,12a t 12n comprise an ^ 
request mask register and, a grant mask register for; . 
storing a . request mask and, a grant mask respec t- : ■* 
tively, . which will be, described r in further detail^ -, 
below, "the .processors 1.2a ,7. 12n : are injen^ed to. , X; - is 
represent a broad category o^. well-, known p/o,ces - ^ r 
sors. In .fact, under the ^ preferred embodiment,^, 
procjessprs 12a .-. 12n may, be a mix of, different; 
well , known processors, that <^o not . support read - t: :r 
modify - write operations in like manner -or, do = not r ; 20 
support read - modify - write t . operations v t at t , -aU. 
Particular examples of .th^se^.grpc^sprs, 1 2a- -^:1.2n ir: ^ 
include SPARC™, processors ..manufacture^ \-Jptf. Tl ^ 
Sun it Microsystems,,lnc..: Mountain :Vjew t ; Ga., .and.^ ■ , 
i486^ processors manufactured, by, . Intel,, Ipc^- - ; , 25 
Santa Clar4 Ca. (SPARC ™ is a registered trade -^ ^ 
mark of Sun • Microsystems, inc, , and i486 ™ yis^a r . 
registered trademark, of Intel, Inc.). - r 

Jhe processors 12a - 12n are. coupled; Jlq s an..,, 0 
active high speed bus 18. The active high, .spejed, ( j ; - 30 
bus 18 provides centralized . arbitration function for 
granting temporal exclusive ownership of the bus,,.,;-, 
18. Additionally,, the active high speedy, bus/ ;v t 8 
provides coherent data management function^ for .-. 
the processors^ 2a - 12n if some of the^p/oces.- v 35 
sors, 1 2a - 1 2n .comprise private cache njernory. ): . t . .:. 
However, under the. presently preferred ,embodi.T r y 
ment, the active high speed bus 18 does not have 
to provide atomic J^us-.cycles, -whereby^ a,prpcessor r , ^ 
may own the bus 1,8 for a number of uninterrupted.^- 40 
contiguous bus cycles. The active high . speed bus : - 
18 is. also .intended to represent a broad category 
of well known ^ctive, high, speed buses. In jfaqt, Ci ~ 
active high, speed bus 18 may comprise multiples * r . 
of these wejl known buses coupled together Jby4Dus ; , 45 
adaptors. Particular, examples of .the well known ^ 
high '.speed busesJnplude-the MBus of Sun Micro - 
systerris, Inc., jand the SBus. ^Although aaactjye 
high-speed, bus is preferred, it, will be appreciated 
that Jiigh speed bus. l^ may. al?o be an inactive 50 
bus, with the bus arbitration , and, coherent ' data . t . 
management. functions distributed to, the.; various 
processors. 12a - I2n... . s _- 

Also, T shown is a . shared resource 16 v apd.jts v i 
corresponding^ semaphore .registers 14. coupled to. .55 
the active high speed bus 18. The shared resource 
16 is intended to represent .a .broad category of J 
resources on a multiprocessor computer system. 



For, example, .the shared resource 16 may be an . 
area of main memory .used as a shared message 
buffer for interprocessor - communication between 
the .processors 12a - 12n.,, The -corresponding 
semaphore ^register^ 14 comprise an access re-, 
quest register . (not shown), an access grant register „ 
(not shown) and corresponding circuits (not shown) 
for writing into' and reading from the. registers. The. 
semaphore registers 1-4 ; will, be described in further, 
detail below. Although only one shared .resource 16 
is illustrated in Figure 1, it will be appreciated that . 
the . m ulti processor • . com pute r system -10 m ay 
comprise a : number rof . -shared as^well as unshared 

. . resources, ; provided each of the additional shared . 
resources also -Jias t its, own . ; cprrespondi ng sema -. c 
phore registers. Furthermore^.although the sema r?u 
phore register -14 are preferred, .. it- will also ;t>e 
appreciated that memory locations in memory may ■ 

; be used instead, : provided the ^active .high speed - 
bus „18 ; ,supports atomic bus cycles for, performing 
read-^ modify -write operations,; into the* memory.; 
locations, and the processors ,1 2a 1.2n support t 
read - modify — write operations jn like ^manner. 1 

Referring now to.,.JRigure 2 t! a block diagram 
illustrating the, access .request register, : the access 
grant register, and ■< the ^corresponding access re - 
quest and grant; semaphores stored in these reg -r 
isters is shown. ^Shown is an : access request* reg- 

y ister 20 storing 1( an . access, request semaphore 
having , a plurality ^ of access request , bits 24a - 
24n. Each of the access request bits 24a - 24n is 
assigned to a prqce;sspr. In ; its* presently preferred 
form, the access, request bits 24a - , ?4n are as - 

> . : signed to the processors An ascending order start - 
ing l; with the : , least significant bit assigned , to the 
processor with the lowest priority. It will ^.appre- 
ciated that the access request bits. 24a;- 24n may 
be assigned in a variety of other manners. 

Also shown is a. grant access, register 22 stor- 
ing an access grant semaphpre having a plurality 
of access grant bits-26a« li: - 26n.. Each of. the 
corresponding access , grant- bits 26a r 26n js 
assigned to the same .processor..;. Similarly, -in its 
^presently,, preferred form, ; the ; ac,cess grant bits-26a 
- 26n are also assigned to -the processors in 
ascending order starting with the least significant 
bit assigned to -the processor with the lowest pri - 
ority. It will also be appreciated that the access 
- grant bits 26a - 26n may be assigned in a variety 
of otjiier manners, provided it is. consistent with the 
way the access request bits 24a; - 24n.are grant- 
ed. . >=; • . ... • : ?r 

Each of thei-access request bits 24a - 24n is 
: set indiyidually^by, its assigned processor when its 
assigned processor request , access ; to- the shared 
resource, ,which will be described in further detail 
below. . Multiple access request £>its 24a - s . 24n. 
may be set by a number of requesting processors 
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at one time. Each of the access grant bits 26a - 
26n is set by its- assigned processor when* its : 
assigned processor after requesting accessing to ' 
the shared resource determines that- ' the shared 
resource is neithergranted to a lower priority pro- 5 
cessor nor being requested by 3 higher priority : 
processor; which will also described' in* further- de- 
tail below. It will be appreciated that' onl 1 / one 
access grant bit 26a, 26b, ...or 26n, will be set by 
one processor at one time. As a result, the current ; io 
owner of the'-shared Resource cart be* determined 
based *on the access grant* semaphore easily.- ' ' - 

■Each of the access grant" bits : 26a 7 - 26n is '; • 
unset" by "its assigned processor after 7 its assigned" 
processor completed ■ access to the - 1 shared Ve - ; " * ' 75 
sourcerEach of the access requ&£t : 4jits 24a ir 24ri- : 
is unset by ftfc ' Assigned - processor after f its> as ~ cr ' 
signed processor urtset th6 corresponding- Recess ' 
grant*bhV26a;<26b*;\..dr 26n. v ' *" ^" T * 

A: requesting processor determines whether the 20 
shared^resodrce fe granted to a lower priority pro - 
cessor and- whether* thfe Shared resdurCe is 'beirlg •'' ' ' 
requested-by -a higher' priority 5 " prbCessor using "the 
access request ;and grant semaphores in Conjunc t -'. 1 
tion with -an access request rrvask and an ^ccesk 25 
grant mask, whiervwill be^escribed* in further. detail 
belowrlt will be appreciated that under*' the present w 
invention, a requesting processor does hot 'have t6'"' : 
concern 'itself with whether the shared resource is tf/;: " 
granted to a higher priority processor hbr whether c,r 30 
the shared resource is 4 being requested by a lower 
priority processor. • - . s r r:^~ 

Referring now to 'Figure 3?- a block diagram 
illustrating the access request masks' df the J present : ' 
invention is shown: Shown area plurality of ] ac(bess , -35 
request masks 28a - ' 28n comprising a plurality : i 
request mask bits' 30a - 30n. Each of the reque'sf " ? 
masks 28a - 28n' corri prises ; the Isame number of 
bits as the access request semaphore. 'For each - 1 
request mask, 28a, 28b, .... or 28n, thfe request 40 
mask 1 bits 30a ^ 30n that are in higher bit'posi- ; 
tions than the request bit of the access request 
semaphore assigned to the - processor are Set, and 
all other request mask 'bits are unset. For exam - 
pies, for pro6essor 0; request mask bits 1 through 45 
n are set - and req'uest - mask bit 0 is unset; for 
processor 1, request mask bits f through n are set 
and request mask-bitS'O through 1 are unsetfaftd 
for processor n, ; air request mask bits Othrough n 
are unset. - • ■ [ ~ ^,1 50 

The request "masks 28a - 28n afe stored -i n 
the private request mask -registers of the proces- 
sors. A requesting processor determines whether 
the shared resource is being requested by a higher 
priority processor- toy performing a logical- AND 55 
against the current- bit settings of the access -re - '■■ - 
quest' semaphore and its request mask. The re- 
quest rhasks A 28a - -28n may be changed dyn^m - • "-' 



ically, thereby altering the relative access priorities 
of the processors dynamically, provided the grant 
masks ''which are described below are also 
changed at the- same time. ' * * 
ReTerring 1 now to Figure' 4, a block diagram 
illustrating the access grant masks of the prbsent 
invention^ is shown. Shown are a plurality of access 
grant masks -32a - 32n 'comprising a plurality 
grant* mask bits' 34a - 34n. x Each* of the grant 
masks 32a - 32n composes the sam^ number of : 
bits as the access 'grant ^em^phore. For eacfi grant 
mask, 32aY 32bi or 32rf, the cjrant mask bits 32a 
- 32h triat r are irf foweP bir/positions than the grant' 
bit of "the Access gfarit ! sefm^ph6r6 'Assigned to the 
procebsJbr are set, and sttfothWr grkht masli' bits are * 

* T unsfet. c For Maniples',' for processor 6, : all grant 
mas"k r: 6ffi^'S through' : rr v afe iinset; for processor ' 1', * 
grarrt rffa^ -bit^ 0^is' 3 s^f and ; grant masil'bits 1 f 
through " A -'are uhset; and "for 'processor nt "grant 
masT< d u ttirougrv n - 1 kr£ r £et and 'grant "mask 
bits : G ! is : tljniet. 61 ; : ' ; ' * 1 : ;' 

i^imil'srly^'mfe^t^&nt : irYa£ks 32 a - 32*n £re ,: 
storSd r in" tftfe r ^ivMe c &f^f 'rnask 1 registers 'of the ,K 
procV6ss6rS. ul & -fequesrj hg/ ? processor determ i ri&& \ 
wh^Pter •tfie' shded r r&sbur6fe! is* granted to a YoweF J ' 
priority !! pr6<be!ss6r by perfofming a logical ANE?^ 
agairist^the 'current bit 1 settings' of the access grarff 1 ^ 
senfephore %hd its "grant mdsk. As desfcribed eaf^ 
lier, the grant masks ! 28a ^'28ri niay be '6hangVd' 
dynamicbllyV thereby altering the relative access 

! priorrties^of the -processors xiynamically, prAvidecf " 
the request 'mask^ aire J ailso 'changed at the saml" 
tirn e.:;J ^ ,~: . ■ - ; f ^ 

Referring r ri6w to r Figures 5a and 5b, two block u ' 
diagrarri's " illustrating two embodiments' of the circci^ ' 
-for sietfing/Cleeiring individual access request bitsT" 
and simuftcinebus reading of all access request bits;* 
of the access- request semaphores stored in the' 
accSs^ 1 request Registers are shown. Thd firkt em- ~' 
bodimerrt ? ilfustrated in 'Figure 5a \s ' deigned for 1 
multiproceissoKdomputeir systems that do not have * 
processor identifiers presented oh the fir^gh 1 speed - 1 
bus,-whereas, : the second embodimerit illustrated in 
Figure 5b s is designed for' milti'prbcessor computer 
systems that presents the processor identifiers' oh , 
r the 'hi : gh speed bus. : A$- described' eaffier, only one ' 
access grant- bit of the access' grant serriaphoVe is * 
set at one 'time, thus' no special circuit' for Writing 
and reading the ^acceSs grant semaphore intcahd' 
from the access grant ' register ' is required. 'The 
*" * acc^s^ "grant 1 " register r "may' be implemerited i witti * 
any ^well known' manner in the art. ' ' J !" 

Shown in Figure 5a are 'identlciai circuit s^g-' °' 
ments 42a - 42n. Each of the identical circuit u 
segment^ 1 42a - 42rf \*s used for setting! clearing, 
• and reading the "access request' bits df the access 
request semaphores assigned to a' processor. Each 
of the identical circuit* segments '42a - '4^ri com- 
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prises a first AND gate 48a, 48b, f or 48n, a 
second AN p. gate 50a, 50b or 50n., and a.tri- 
state buffer' 44a, 44b or 44n coupled to a latch 
46a, 46b 46n, of the access request register. 
The AND gates 48a - 48n, 50a - 50n, the tri- . 
state buffers 44a r 44n, and the .latches 46a - 
46n are well known in the art. .... ■ 

The first AND gate 48a, 48b- .... or 48n,,is for 
setting the. assigned access request. bit pi the, ac - 
cess request semaphore. The first AND gate 48a, 
48b, or 48n, takes a data line, a first write 
enable signal, and a . strobe, signal from the high 
speed, bus as inputs, and .outputs a signal, into tjie 
latch 46a, 46b,,..., 46n. In th€«r presently preferred 
form.jf output vajue js a 1 , n r i the.acces^ request 
bit is.set;Jf the output, value i^ a "Q",, no ; acj:ipn-is 
taken.. ^ , s . • rs $ fo,.-:.-. ; s ><,; 

Similarly, the second AND gate 50a,,50b, v ... r qr 
50n[ is, for: clearing the, assigned, access request bit 
of the access request semaphore. * The, c second 
AND_gate 50a,. 5Db .... .or % 5Qn, tai*e$ a da|a jine 0 ,a 
second write enable P signal, ,$nd ^.^robe^s^nal 
from the high- speed bus, as inputs, and ( outputs, a 
signal into the.Jatch 46a, r 46b, 46n.-Jn 0 thejr 
presently preferred form, if output value is a . "it", 
the access request bit is unset; if the output value 
is a "0", no. action is taken. . - >. ; : { , ^., r , :3 -:r 
The latct^46a, ; 46b, , ,or 46n takes either the 
output of the first.ANDfgate 48a,- 48b, .... or 4§n„p/ 
the output of .the second, AND gate 50a, 50b, .,., t qr 
50n as input, ^nd outputs a signal into the tri^Sitate 
buffer 44a,44b, ...,^or -44n. The tri -, state-, buffer 

44a,44b or 44n, takes the output t of the, Jatch 

46a, ,46b .... or 46n, ( and a read enable signal from 
the high ,spee ( d bus as inputs, and output.. a signal 
onto the data line.of . the high .speed bus, rrc-r 

Shown in Figure 5b is an, AND. gate 66, and # 
tri - state buffer ,62 .coupled to . the access ^request 
register ..which, is implemented by an addressable 
latch i 64. The AND gate. 66, ^he tri - state buffer 62 
and the addressable latch 64 are also well known 
in the art. The AND, gate 66 takes a write enable 
signal and a strobe signal from the. high speed bus 
as input and outputs a signal, to the. addressable 
latch. The addressable latch 64 : takes the output .of 
the AND gate. 66, .a idata line.,. from the, high speed 
bus, and the processor identifier from, the high 
speed bus , as inputs, s and ; output a plurality -of 
signals to the tri -state buffer 62. ; The processor 
identifier is used to select the .access request/grant 
bit for replacement with the input , from the data 
line. The tri - state buffer 62 takes the output sig - 
nals of the addressable latch 64 and a read enable 
signal .from the high speed bus. as input- ^nd; put - 
puts a plurality of signals on, the hjgh. speed bus. ,., 
It will be appreciated by ^providing one of the 
circuits illustrated in Figures 5a and 5b, the ac- 
cess request semaphore can be manipulated 
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without requiring support of atomic bus cycles by 
the high-speed bus, whereby the requesting pro - 
cesspr can have .temporal exclusive ownership of 
the high speed bus for a number of. uninterrupted 
5 clock cycles. Furthermore, the processors are not 
required -to support read - modify - write operations 
in like manner or . even support read - modify- write - ! 
operations at all. As a result, heterogeneous pro - 
cessors may be ^incorporated in the same -mul- 
70 tiprocessor computer system; :<e ■ 

Referring now to Figure 6, a block diagram 
illustrating the, method of /the present invention for 
arbitrating processor accesses to shared resources 
is shown. As .shown, in. the ; figure, ,a requesting 
15 processor : request access tp the shared* f resource 
by setting its.; assigned request : bt\\; oi- the,: access - 
request semaphore, block 72. The requesting pro - 
cessor then waits a pre -determined amount,;Of 
.time, block 74. The minimum pre -determined 
20 amount of wait time is greater than the largest.- 
amount of time required by the slowest processor 
to recog nize the req uest , . and Xo set. its assig ned 
access grant bit pf the.access grant-semaphore. As 
^described ; earlier,* the ? processor recognizes the 
25 request by retrieving the current bit .settings of the 
access request semaphore from the access re- 
quest register : > and; ^performing a logical AND 
against .the retrieved- bit -settings ; and the proces- 
sor's request mask, i < \ : ••>.' ' ■ \ 
30 Upon, waiting ^at. least, the minimum, pre -de- 

termined amount of , time, -the requesting processor 
determinesirif ,the shared resource: is granted to a 
lower priority prpcesspr, block, 76. As described 
earlier, tt)e requesting .processor makes. the deter - 
35 mi nation .by. retrieving the current bit settings of the 
c access -..grant semaphore .from the access* request 
register, and performing; a logical AND against the 
retrieved .bit .'Settings and the. processor's grant 
^mask. If the processor is J currently, granted to a 
40 lower priority processor, » the requesting processor 
repeats the determination until the, shared resource 
- : is no longer, granted to a lower priority processor. 

Upon determining that the shared resource is 
not granted to a lower, priority processor, the re - 
45 questing, processor determines if the shared re- 
source is being requested by a higher priority 
processor, : block 78; Similarly, if/the shared re- 
source-is being requested by a higher , priority 
processor, -the : requesting processor repeats the 
so determination until the shared resource is not being 
requested by a higher priority prQcessor.: t 

Upon determining that the shared resource is 
not being requested by a higher priority processor, 
the requesting processor < then sets the assigned 
55 access . grant bit, of, the access grant semaphore, 
block 80, and takes temporal . exclusive ownership 
of the shared resource. The granted processor 
performs its desired operations against the shared 
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resource, block 82, for example, writing a message 
if the shared resource is a shared message buffer. 

Upon completion of the operations against trte 
shared resource, the granted processor unsets the ' * 
assigned access ^ grant 'bit of the access grant f ." s 
semaphore, block 84. After unsetting trie Assigned 
access' grant bit, the- ungranted processor Onsets 
the assigned* access request' bit of the -access 
request semaphore, block 86. ■ * -* - 

While the present invehtion^'has been * de - to 
scribed in terms of a presently preferred embodi - 
ment^ those skilled in the art .will recognize that the 
invention •> is-- not limited to^the embodiment de-'-' 
scribed. The method and apparatus of" the -present ■'•** 
invention can be practiced- with- modification "arid ^is 
alteration within the^ spirit and scopfe of We "&ppeh '*•"'» 
ded: claims. The description is thu£ v to : -fee' regarded '* 1 
as illustrative instead of restrictive -on the' present • 
invention. • ' i* " ^ * -re- .= 

Claims j. - ' ~- : » * • ""' * ■ ■ -' ! 

-., :o ■ r. l. ■* *' . " « i ,,f O rru.i r v> 

1 . In -a computer system comprising la pluriflify- of 5 
processors"' courted "to 1 -a' -plurality of " shared- - 
resources;* a method for arbitrating accesses ; fo n 25 
a shared ' resource : ^by "said fjrocessdrs, satid * 
•method comprising the "fetep^ of:— - "*'•'- 

a) setting an assigned aeces^Veque^t bit of-' - 
: aa access request semaphore by ^Ve-*' £ ^ 

questing processor, each of said pr&bfess6rs : ■ -30 
being; assigned an'- a v &>e$s'«requ^t v bit' of 

■ • said'access request-Semaphore;^ ir * z r! rvi ' 

b) waiting a predetermined r amount~of timeT • 1 r 

c) retrieving current bit Settings 1 ot'&nac- 
cess grant semaphore and deterrflimhfcj if- : - 35 
said, shared resource is currently granted-ta 

a lower priority processor* by said r^quesf-*-^ " - 

■ ing processor, each of s&id processoYs bfe x : - - 
ing assigned an 1 access grant bit* of 'said' s 
access grant semaphore; ^ ■ ^40 

d) retrieving current bit settings of said ae --"■*" 
cess request semaphore* and ^determining if*- 
said shared resource is- currently requested 1 ' 
by a higher priority processor by said re-' 

*• questing processor' when - said shared re - ' >4S 
source is 1 not granted- to a lower* priority 
processor; 1 L : 

* - e) setting said assigned grant- bit in said 
1 access grant semaphore by said requesting* - 
* processor' when said shared resource i£ not iso 
requested by a highenpriority processor; "* 

f) accessing said shared 'resource by said ^ 
granted processor; and " 

g) unsetting said assigned grant* bit of said ' 
•access grant semaphore by '"said accessing 55 
processor upon completion of accessing 

said shared resource^ and ' ' ^ « * 



h) unsetting said assigned request bit of 
; said ! access 'request "semaphore by said 
'ungranted processor' upon unsetting of said 
bit position of said'access grant semaphore. 

2. The method as set forth in claim 1, wherein 1 
sard 'access request ^arid*' grant bits of said 
access request and grant semaphore's are as - 
signed to said processors in ascending order 
starting' with the least significant bit being as-' 
signed ; to the lowest "priorify- processor. 

3. The ! miethdd as 'Set forth in claim 2, Wherein 
: sSicP ; f6cfuesting prbcieSso*?^ determines if said 
^hfafed' resource is currently 'granted ! to a lower 
'pTOrfty fbrdceisbfby performing a logical AND ' 
^r1" !r ^iQ 1 c'urr&nt s bft setting's df said access rt * 
grant semaphore and an assigned access 
grant mWsk, said "assigned access grant'- 'mask 
(ibm^risNig ja^plUralil^'bf graht mask*bits f cor- 
r^s'pdhding to : said access grafit semaphore, 
r said ii efrkht ^mHSk' brfe^-being set in v all 6or- 
f fesj66n9thg tJ bift lower tKan said 'assigned ac- 
%e^ c grant bit of %&\<A i%rquesting processor and V 
'u'hsef-tn afl' other Sc^frespbnding access^grant 

4. The method as set forth' claim ''3? wherein,* ^ 
^£nd € ffec^jesti ng prdc^ssor ; "blterrnines if said y 
Shared resource is-^rrferrtly'fefeing requested 7 ' 

- 'by a higher pridr'rty' processor fey performing a 
^ogfeal AWD oh said burreht bit bettings of said 
acfe6%s : re^uefst ^'emaph'rjre ; and an 1 assigned : ^ 
''acifeess; "request mask, srftd assigned access ^ 
r^que%t ! rnask : fcomprisTing a plurality 6f request J " ^ 
=rh^R bite c**orresporlding to said acc'ess^'re- ^ 
quest register 1 , ^aid" : reqUest rha§f<' ! bits beirig' , -" " " 

^eF'm^air' correfeponBing access- J fequest bits 
'higher" tfiah said assigned access request bif of" 
saiieP ; rer3uesting prdd^ssor" anld ? unset /In' all 

■ - "^othfer Corresponding access reque'sf bits.' ■ ' 

,.fvcr . it- • ■ : v * - *-. f ^ i - '» 

5- "Pfo& method as set forth in claim 1 f, wherein; * 
s^d^acc^iss ieque^f and grant semaphores 
%re -stored" 7 in 'a firsthand a second memory ?m 
lodattdrt of merhory; said cidmput'er system ■* 
furtfier r ti^m^nsihg-^d 'mdm6rV; aftd * * * ; \ 
" said rjrbcessdrs, r*>aid shared resource and J ' 
said memory are coupled* to a high speed bus, ; * *•" 
sartd -higrV spefed bus providing 'atohnic bus cy - ^ ' 
fcle^; tor ^cce^fn^^aid^ first r and second ' 
mernbry location^. 1,1 ^ - ' i f • ' , - -'-"^ ' * ' 
. , jo .1 * ■ . < r . ■ . , 'C -* V -,. - 

6. The'method'as set'fortn in clairn '1', wherein, 

'said^ccess requbst'aihd grant semaphores 
are^stored in arf access reqOest register and an 
access grant ''register' respectively" said "re- 
questing processoV' setting 'and unsetting said 
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bit positions, and retrieving said current bit 
settings, of said access request and . grant 
semaphores stored in said access request and 
grant registers, using circuits that allow setting 
and clearing of individual access request and 5 
grant bits, and simultaneous reading of all ac- 
cess request and grant bit? of said access 
request and grant semaphores stored . in said 
access , request and grant registers,, s^d com - 
puter system further comprising said circuits; to 
and 

said processors, said shared resource, . 
said access request and/grarjt~ regist^rjs,, a$d 
said circuits are coupled tp a high^speetd t bus< 



75 



. The method as set forth in .clairp 6, vvh^ei/) v . 
said high speesd bus . do|s, not ,prpyicie 
processor identifiers for said processors;,.. ,'. , 
said access request and grant registers 
" are implemented with „a plurality of. latches; ^ 20 
and 11 " , 

each of v said„circijits corpp^^s ^.^l ( uraljjy 
of tri - state bufWs. : a jksj^ 
oTAND gates. / \., H ".. .,\^.^.^.. r 

L The method as set forth in claim 6, wherein, 

said. high ,speed t; bus provides prpqesspr ^ 

identifiers for said processors; . - _. 

said, access request and \granf 'registers 

are implemented with addressable latches; r apd 30 
each of said circuits comprises a tri r state 

buffer, and an AND gate. ... , t . c , ^ 

9. .The method as set! forth in. claim i /wherein, 

said predetermined amount of tim<3 is^r$ater 35 
than the" largest amount of time required by the 
^slowest of said _ processors : to perform said 
steps c),.d) and e). " ■ . ( ( ■ 

10. The method .as ,set forth jn" claim" i\ .wherein, aq 
said shared resburce/is .an area in memory 
used for inter -processor communication be- 
tween said proce's.sprs. . . , r , : 

11. In a computer. system comprising a plurality pf 45 
processors ' cqupled to " af plurality of . shared 
resources, an . apparatus for arbitrating ac - 
cesses to a shared resource by.^said proces - 

, sorsY said 'apparatus comprising:, , <- 
* a) first storage means pQupled to said, pro".- so 
. , cessbrs for , storing, ."ar\ . access", request 
semaphore comprising , a plurality of., access 
request . bits^ each , ol .", said access request 
\ ^bits being "assigned tb'^one of said proces- 
sors, each of said assignee} access request 55 
bits being . set by its processor when its 
processor requests access to said shared 
resource; and 



b), second storage means coupled to said 

processors for <- storing . an , access grant 

semaphore comprising a plurality of access 
grant bits, each of said access, grant , bits 
being assigned to one of said processors, 
. each of said assigned access grant, bits 
being set by its processor when its. pro - 
cessor after requesting access to said 
shared resource ..determines that said 
shared resource is . not granted,-to . a . Jower 
priprity. processor nor being requested by .a 
higher priority ..processor, said determina - 
tions bping made, by said, requesting pro - 
: cessor based on current bit settings qf said 
^ { ^access grant and^ request semaphores, said 
determinations being, made .. after , said re - 
. x questing processor. has .waited a predeter- 
mined amount of time after requesting ac - 
cess to said shared resource; 
each of said set, access grant tyts being ^ 
unset by its processor when its processor 
. Cprrjplete, accessing ,sajd - shared j resource, 
Yeach . pi, said ; ?et access request bits bei ng 
,,uns^«by its processor after it?, processor, unset 
..its, set access grant bit. , : 

12. The apparatus as set forth in claim 11, wherein 
,£aid ..acjges? request .and grant bits of said 

access, request anid grant semaphores are as- 
signed to' .said .processors in ascending order 
r starting .with Jhe (e^st significant bit being as- 
signed to the lowest priority- processor. 

13. ~the. apparatus as , set forth in claim 12 r wherein 
said requesting processqr determines if said 
shared respurce is currently, granted to a lower 
priprity processor by .performing a logical AND 
,on ^aid current bit., settings .of said access 
^grant , semaphore apd an assigned access 

grant. mask, said assigned access. grant mask 
comprising a plurality of grant mask bits cor - 
responding, to said access grant semaphore, 
said . grant mask bits being §et in all cor- 
responding grant mask bits lower than said 
assigned access grant bit of said requesting 
processor and unset in .all -.other corresponding 
grant mask bit positions. 

14. the apparatus, as .set forth in claim 13, 
wherein, said requesting processor determines 
if said shared resource is currently being re- 
quested by a higher priority processor by 
performing 4 a ..logical AND, on said. current bit 

^settings of said access request semaphore and 
an, assigned access request mask, said as - 
signed access request mask comprising ^ a 
plurality of request mask bits corresponding to 
said access request register, said request 
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mask bits being set in all corresponding re- 
' quest mask bits higher than said assigned 
access request bit of 'said requesting proces- 
sor and unset in ail 1 other 'corresponding re- 
quest mask bits. > 5 

15. The apparatus 1 as set forth in cfiim" 11, 
wherein, 1 l - 

said first and secbnd storage means are 
the same memory means coupled to said io 

'processors "'comprising*' a first' and second 
memory locations for sioring said access re- 
quest arid grant semaphore's, skid computer 
system further comprising said memory; and 

* sai'8 processors/ sard shared resource and is 

{ said memory l are coupled to a high Speed" bus, 
said *hig>i speed' bus providing atofihic bus cy- 
cles" for 'ac'd^ssihg 6 ' said '' first and :; '^cond 
memory" locations. ' " * ■ s 

16. The apparatus as set forth ifi' claim 11, 
where' in, 1 " * l ' " " '"' • '* *' ' 1 

' said first and sefcond storage means 'are 
-the same registeYrneahs' coupled to said 'pro- 
cessors comprising 3n access request register 25 
and an access grant register -for storing said 
access request and grant semaphores re- 
spectively; J ^ ? : f c " " 

said register means 1 further' ^comprises 
circuits' coupled td said v processors and said 30 
access ' request and 'grant "registers' for ' said 
requesting processor to "set and unset feaid 
access request and' grant bits; and to retrieve 
said current bit settings of said access request 
and grant semaphores stored m Ysaid access^' 35 
request and grant registers' 1 , said' circuits al- 
lowing setting 1 and' clearing of individual access 
v request and grant bits,-' arid ' srmUltaVieous 
reading of all access request' and' grant bits 'of 
said access request and girant' semaphores 40 
stored in said access reqiiesfand grahV regis- 
ters; and ■ 1 * * ' - r ~< 

said processors, s&i3 shared : resource, 
said access request and : gr£rit registers; and 

sad circuits are coupled to a high speed bus. 45 

* . i J» " w . . ■ - 

17. The - apparatus as set forth in claim 16, 
wherein, . •.:.»,. 

said high speed bus does not provide 
processor identifiers for said processors; "'so 

said access request and grant registers 
are implemented with a plurality of ; latches; 
and ' r| 

each of "Said -circuits corrirJrtees'a plurality 
-of tri - state buffers coupled to said high- speed 55 
bus and said latches, a first arid second plu - 
rality of AND gates 'coupled to said high' speed 
bus and said latches. * ' 



18. The apparatus as set forth in claim 16, 
wherein, : 

said high speed btis provides' processor 
'identifiers for said processors; 

Seud access ' request and grant registers 
** are implemented with addressable latches; and 
each of said circuits comprises a tri - state 
' buffer coupled to* Said high speed bus and said 
^addressable latch, eirid an AND gate "coupled to 
saicT addressable' latch and said Viigh' speed 
bus. ' " ' ' * • 

19. ; ? f Ke "apparatus as set " forth in claim 1 1 , 
'wherein, said predetermined amount of time is 
greater^'th&n ihe * largest " amount of'' time re - 
quired by the slowest of said processors , to 
perVbrVrY said deteYmihalions'and'to' set its as- 

0 sighed £6ies£ ' g rahV * bit' * 6f " sai d access g rant 
semaphored ' " ; ~ r "" 

20. Trie' s jap'paratu% ,J a's " set forth in claim 11, 
wherein, said shared resource is an area in 

: m f em£ir/' t$ii8U$'i6 said' processors used for 
"iriter-'pro'cessor com mu hi cation between said 
processors, said computer system "further 



comprising said rnemory. 



21 . A rnb^ti^roce , ssor , computer system corn prising: 
a high speed bus; 
oi„ 3 a°j!)luralitV of ^processors coupled to said 
hfgh speed bus; : 

" a Shared ' resource coupled to"' said high 
speed bus; and 

an apparatus for arbitrating processor ac r 
ceSses to said shared resource comprisiog_ first 
"arid Second Storage' means fpr storing an ac7 
fcess request arid an access *^rant semaphore, 
Skid T a£c6fes request' and 1 grant semaphores 
comprising a plurality of ac6ess request 'arid 
access grant bits respectively^ each 9*f sajd 
'pfofee&ors being assigned bn^of said 4 access 
^reqU^'t Bits^ arfd a' correspdriding access grant 
"bits, 1 eafch of said assigned access request bits 
being set by its processorwhen its processor 
requests access to said shared resource, each 
'bflsaid assigned access grant bit being set by ' 
"its^proces^or when' its processor' after* re- 
*q6estindj J said access to satid shared resource 
'determined that said 'shkred " resource is not 
- granted to a lowe? priority prdcessbr nor being 
requested by 'a higher priority processor; 
w ' Said " determih^\ions being made by said 
' 'requesting processor bafed ' oh ' current bit 
: settihgs' of said access' grant and'* request 
"serriaphorfeB, said' determinations being' made 
after *"said requeVtlng processor hdi waited a 
predetermined amount of time after requesting 
access to said shared resource; 
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each of said set access grant bits being 
unset by its processor when its processor has 
completed access to said shared resource, 
each of said set access request bits being 
unset by its processor after its processor unset 5 
its set grant bit. 

22. In a computer system comprising a plurality of 
processors, a method for performing mul - 
tiprocessor communications among said pro- io 
cessors, said method comprising the steps of: 

a) setting an assigned access request bit of 
an access request semaphore for a shared 
message buffer by a requesting processor, 
each of said processors being assigned an is 
access request bit of said access request 
semaphore; 

b) waiting a predetermined amount of time; 

c) retrieving current bit settings of an ac- 
cess grant semaphore for said shared 20 
message buffer and determining if said 
shared message buffer is currently granted 

to a lower priority processor by said re- 
questing processor, each of said processors 
being assigned an access grant bit of said 25 
access grant semaphore; 

d) retrieving current bit settings of said ac - 
cess request semaphore and determining if 
said shared message buffer is currently 
requested by a higher priority processor by 30 
said requesting processor when said shared 
message buffer is not granted to a lower 
priority processor; 

e) setting said assigned access grant bit in 
said access grant semaphore by said re- 35 
questing processor when said shared mes- 
sage buffer is not requested by a higher 
priority processor; 

f) writing a message into said shared mes - 
sage buffer by said granted processor; and 40 

g) unsetting said assigned access grant bit 
of said access grant semaphore by said 
accessing processor upon completion of 
writing a message into said shared mes- 
sage buffer; and 45 

h) unsetting said assigned access request 
bit of said access request semaphore by 
said ungranted processor upon unsetting of 
said access grant bit of said access grant 
semaphore. 50 

23. In a computer system comprising a plurality of 
processors, an apparatus for performing mul - 
tiprocessor communication among said pro- 
cessors, said apparatus comprising: 55 

a) a shared message buffer coupled to said 
processors; 



. .b) first storage means coupled. to said pro- 
cessors fpr .storing an access request 
semaphore^, for said shared message buffer, 
said access request .semaphore comprising 
a plurality of ..access request bits, each of 
.said access request, bits being assigned to 
one of said processors, each of said, as - 
signed access, request r bits being set by its 
processor- when . its processor requests, ac- 
cess, to -said shared, message buffer; and 
. b) ^econd- storage; means coupled to said 
processors, for storing- an ; access grant 
; semaphore, for-, said shared message, buffer, 
-said access, grant semaphore- comprising a 
;; £ c plurality- of access grant ;fc>its, .each, of said 
access grant bits .being assigned; te> one^of 
-said processors^ each *of s^id ..assigned ac- 
cess grant bits being set by. its processor 
when its processor after requesting access 
to said shared message buffer determines 
that said shared message buffer is not 
granted to a lower priority processor nor 
being requested by a higher priority pro- 
cessor, said determinations being made by 
said requesting processor based on current 
bit settings of said access grant and request 
semaphores, said determinations being 
made after said requesting processor has 
waited a predetermined amount of time 
after requesting access to said shared 
message buffer; 
each of said set access grant bits being 
unset by its processor when its processor 
complete writing a message into said shared 
message buffer, each of said set access re- 
quest bits being unset by its processor after its 
processor unset its set grant bit. 

24. A multiprocessor computer system comprising: 
a high speed bus; 

a plurality of processors coupled to said 
high speed bus; 

a shared message buffer coupled to said 
high speed bus; and 

an apparatus for performing multiprocessor 
communication using said shared message 
buffer, said apparatus comprising first and 
second storage means for storing an access 
request and an access grant semaphore for 
said shared message buffer, said access re- 
quest and grant semaphores comprising a 
plurality of access request and access grant 
bits respectively, each of said processors be - 
ing assigned one of said access request bits 
and a corresponding access grant bits, each of 
said assigned access request bits being set by 
its processor when its processor requests ac - 
cess to said shared message buffer, each of 
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said assigned access grant bit being set by its 

processor ' when 'its processor after requesting ' 

said' access' to said shared message buffer - • 

determines that said sh'ared message buffer is ** ; 1 :i - 

not granted to a lower priority* processor nor s ' - - 

being requested by a higher priority - processor; - J 

said determinations being made by said 
requesting processor' based on "current bit 
settings^ of said access grant- -and request 
semaphones; isaid determinations beiing made io 
after ; said requesting ' processor has wafted a ' ' 

-predetermined amount of time-after requesting '"^ 
access to said shared message buffer; * * - r: * 

* each -of said set "access - grant? ! bits being * t,L ii 

unset 'by*- its processbr 'when its " processor 75 ? k2kvxh 

"* c(5m plete f :'accfessi ng ' Q sai d ' shared : • message c • 

; ■ btiffer, ' '%acTf • •of said f set access • request >bits 
befng -ufifiSet by its processor after its prbcessor 

' unset Its set grant : bit. ^ ■■** 
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